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•  Calorimeter provides 
–  experimental trigger 
–  redundant measurement of electron momentum 
–  particle ID 

•  Supposed to produce a trigger rate < 1 KHz  
–  80 MeV threshold, 6-7 MeV resolution @ 100 MeV 

•  Should have a large acceptance and efficiency for conversion electrons 
(~90%) 

•  Should have negligible acceptance for DIO electrons 
•  Must operate in: 

–  1 T magnetic field 
–  Vacuum 

•  Must be fast 
•  Must survive beam flash 
•  Must be tolerably radiation hard 
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•  Done by the NYU group for MECO 
•  Crystal choice:  PWO 

–  Fast response, rad hard 
–  used by:  CMS, Alice, PRIMEX, DVCS, PANDA 

•  Cooled to -25° C to increase light yield 
•  Read out by large area (1x1 cm2) avalanche 

photodiodes 
–  2 per crystal for light yield and nuclear  

•  4 vanes of 256 3.75x3.75x12.0 cm3 crystals each 
for a total of 1024 

–  down from 2000 in TDR by increasing crystal 
size from 3.0x3.0 cm2 and by decreasing 
length 
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MECO 2001 TDR: 

“The estimated radiation dose to a 
calorimeter cell is about 270 rad/year, 
coming from beam electrons (118 rad/
yr), neutron interactions (43 rad/yr), 
photon interactions (59 rad/yr), and 
muon decay electrons with less than 55 
MeV (49 rad/yr).” 

Reference Design:  

“The resistance to radiation damage, at 
an estimated dose of 500 Gray is 
expected to be comfortable for the 
PWO Crystals, and acceptable for the 
APD photodetectors.”  

MECO 2001 TDR 

Note: dose distribution highly  
non-uniform! 
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•  Collected photo-electrons    38 p.e./MeV  with 2 APDs per cooled crystal.     
Crystal size 3 x 3 x 14 cm3 

•  Measured Electronic Noise:   0.7 MeV.  This is consistent with calculations 
APD Gain (M)  = 200 
APD dark current = 10nA 
APD capacity (CD ) = 130 pF 
APD serial resistor = 100 ohms 
FET capacity (Ci ) = 10 pF 

•  Pile up noise estimated to be: 0.9 MeV 

•  Energy resolution:  σ = 4.1 MeV (@100 MeV)  
•  Position resolution: σr = 1.4 cm, σz = 0.9 cm 

Source Beam µ Neutron  Photon DIO 
Target 0.2 MeV 0.36 MeV 0.4 MeV 0.28 MeV 

Beam Stop 0.2 MeV 0.36 MeV 0.47 MeV 

No test beam results!  
Only cosmic ray test 

done. 



Craig Dukes Mu2e - Fermilab 3/6/08 6 

ETHRESHOLD (MeV) Trigger Rate (kHz) 
σ = 5.4 MeV 

Trigger Rate (kHz) 
σ = 7.9 MeV 

75 0.8 1.4 

80 0.3 0.5 

ETHRESHOLD (MeV) Trigger Rate (kHz) 
σ = 4.1 MeV 

Trigger Rate (kHz) 
σ = 5.6 MeV 

75 0.6 0.8 

80 0.2 0.3 

Level 0 Overlapping Trigger Towers (16 cells) 

Triggers after Calorimeter Reconstruction 
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•  Reduced defects 
•  Less La and Y doping  less quenching 

of primary luminescence yield 
•  Fast:   τ1 =    6.5 ns (97%) 
  τ2 = 30.4 ns ( 3%) 
•  Double CMS PWO light yield! 
•   σ/E = 4% @ 100 MeV @ -25C 
•   σ = 1.5 ns @100 MeV @ -25C 
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See talk by R. Zhu, Fermilab, April 2, 2008. 
LSO : Lu2SiO5 : lutetium oxyorthosilicate 
LYSO : Lu2(1-x)Y2xSiO5 : lutetuim-yttrium oxyorthosilicate 
σ(Ε) ~ 1% possible 
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•  LSO cost not prohibitive! 
•  Don’t yet have good estimate for PWO-II 
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• Large area APDs (>1.0x1.0 cm2) now available from 
Hamamatsu as well as Radiation Monitoring Devices (RMD) 

• Silicon photomultipliers show promise, although still too 
small 
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• See: Stefan Ritt, “Tackling the search for Lepton Flavor Violation with GHz 
waveform digitizing using the DRS chip,” Fermilab seminar, Feb. 28, 2008. 
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MECO never had any plans to put calorimeter into test beam! 

JLab Tagged Photo Facility Fermilab Test beam 

• Presently:  500 MeV is lowest energy 

• @1 GeV, 90% electrons 

• Low energy tests beam being built for 
MINERVA (using UVa built HyperCP 
chambers) 

• Hope to get to 200-300 MeV  

Used to test CKM 
veto counters in 
2002 
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•  You need to know if it works! 
•  It reduces contingency 
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•  Crystals 
–  need to open up line of communication with manufacturers in Russia - Technical-

Chemical Plant (BTCP) - and China- Shanghai Institute of Ceramics, Chinese Academy 
of Sciences (SICCAS) and Sichuan Institute of Piezoelectric and Acousto-optic 
Technology (SIPAT) 

–  need to acquire PWO-II and LSO crystals and test their intrinsic characteristics and 
performance with desired APDs 

–  need to find low energy, high intensity test beam facility, Fermilab, JLab, PSI? 
–  are existing radiation damage studies sufficient? 

•  Simulation 
–  need to establish hard numbers for acceptance: geometrical and trigger energy 
–  radiation dose 
–  rates from different sources 

•  Mechanical 
–  support structure needs to be designed 
–  investigate tilting modules at pitch angle to increase acceptance 
–  plausible cooling scheme needs to be worked out 
–  cabling scheme 

•  Photodetectors 
–  need to acquire and test large area (> 10x10 mm2) Hamamatsu and RMD APDs 
–  exotic photodetectors:  silicon PMTs? 

•  Calibration 
•  Electronics 

–  any reason to go to waveform digitization? 
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•  Proposal: stick with MECO baseline design, however 
–  revisit downsizing volume 
–  use the PWO-II crystals, if indeed price is competitive (PWO ~$6/cc) 
–  include option of LSO crystals 
–  revisit separation of preamp and shaper 
–  consider tilting calorimeter to minimize acceptance loss from grazing impacts 

•  We do not have simulations of calorimeter trigger that can be defended at the 
proposal level  important numbers such as calorimeter acceptance have to be 
understood  

•  We do not have a design that can be defended at the TDR/CD-2 level  need to 
build and test real prototype 

•  Vital to establish a well thought out, comprehensive R&D program 
•  Bottom line: unlike the straws, and particularly the L-tracker, there is nothing 

particularly technically challenging about the calorimeter 


